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Abstract. For decades, informal transport modes such as Motodup and Remork can be 
commonly observed in the urban area of Phnom Penh. They play an important role as a 
major public transport for local travelers, even before the public bus was put into full 
operation in 2014. This study aims to investigate underlying factors that influence the 
frequency of using informal transport and public bus by considering traveler’s 
socioeconomic variables, trip characteristics, and operational characteristics of each 
transport mode. Utilizing ordered probabilistic modeling, data is analyzed based on 483 
samples collected from four main areas in Phnom Penh, i.e., CBD, educational, residential 
and suburb areas. Results indicate that students do not use Motodup frequently, but they 
would prefer Remork. Moreover, travel cost is seen to be the major factor that could reduce 
the likelihood of using Motodup and public bus; however, this variable is not found 
significant in determining the frequency of using Remork. In terms of commuters’ attitudes, 
Remork and public bus passengers perceive comfort and availability importantly. The more 
important they value these two factors, the more frequent they would use such modes. Since 
the public bus is currently a highly promoted public transport, policy makers should 
incorporate the quality of comfort and availability, and should keep the bus fare low in order 
to increase the usage frequency. 
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1. Introduction 
 
Informal transport is commonly seen in many cities of developing countries. There are various kinds of 
informal transport, including motorized and non-motorized modes [1]. Their characteristics are different by 
vehicle fleets, and thus no overall definition of informal transport can be given. Instead, informal transport is 
simply referred to travel modes directly. Although a mass transit system is generally considered an effective 
mode to relieve traffic congestion in urban area, accessibility of passengers from their origin to transit stations 
relies mostly on informal transport, which takes a role as a feeder in transport system [2]. In some cases, 
informal transport could be regarded as the main public transport in urban area that provides passengers with 
a door-to-door service.  
In Phnom Penh, the capital city of Cambodia, informal transport has been operated extensively across 
the city long before the official launch of city buses in 2014. Although the public bus can be considered a 
competing mode, many passengers still prefer local informal transport for its convenience, availability and 
door-to-door services. There are many kinds of informal transport modes available in Phnom Penh, but the 
most common ones are motorcycle taxis and motorcycle rickshaws, commonly known as Motodup and Remork 
(See Fig. 1). The operation of these two modes are quite similar, i.e. they operate on non-fixed routes with 
non-fixed price. In addition, the fare is completely negotiable, which is mainly based on travel distance, time 
of the day (e.g. peak/off-peak hour, day/night time) and the capacity it can accommodate. Remork normally 
charges higher due to vehicle’s larger capacity.  
Informal transport can be often seen at high-demand places such as markets, hospitals and airport. Since 
the market condition is quite competitive, drivers can basically wave for passengers instead of passengers 
going for them. Previous study showed that the number of Motodups have declined lately, while the number 
of Remork fleet have increased to roughly 6,000 in 2012 [3]. The public bus, on the other hand, has been 
operated by the municipality of Phnom Penh. A total of 45 buses are currently in operation along three lines 
covering a total distance of 19 km, 19 km, and 13.5 km for line 1, line 2 and line 3, respectively [4]. The 
operation for all routes starts from 5:00 a.m. to 8:30 p.m. with a fixed fare of 1500 KHR (roughly 0.37 USD). 
To our knowledge, no record of person trip survey has been conducted by official government that the 
number of modal share remain unknown. However, some studies has reported that number of Motodup has 
declined from 19% to 8%, while Remork has increased from 6% to 9% between 2001 and 2011 [3]. As of 
2012, Remork fleets has increased to roughly 6,000 vehicles [3]. 
Most informal transport drivers work together under several associations in a form of informal sector 
[3]. Public bus provides passengers with lower fare and better safety; however, its service quality remains 
relatively low, leading to a long travel time [4]. This situation could be implied that an effective public 
transportation has yet to be found in the city. To adequately regulate the usage of Motodup, Remork and 
public bus, it is necessary to understand the characteristics of passengers, and underlying factors that could 
influence the frequency of using those modes. Findings would lead to an effective policy implementation in 
order for the city to provide a good integration between public bus and conventional informal transport 
modes. The present study examines the behavior of passengers in Phnom Penh and applies ordered 
probabilistic models to investigate significant factors influencing frequency of using public transport modes. 
 
 
(a) Motodup (b)  Remork 
 
Fig. 1. Common informal transport in Phnom Penh. 
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2. Literature Reviews 
 
2.1. Definition of “Informal Transport” 
 
From literature, a specific definition of informal transport remains unclear. Informal transport is also known 
as “paratransit”, “low-cost transport”, “intermediate technologies” or “third-world transport” [5]. For some specific 
modes, however, these terms may not be true. In Asian developing countries, certain informal transport 
modes (e.g. motorcycle taxi, and Remork) charges a more expensive fare than public bus does. Moreover, it 
is typical to see informal transport serving local passengers in many Asian cities, especially at high-demand 
places, including local markets and residential areas. Later studies have proposed a new term LAMAT to 
describe informal transport specifically for Asian developing countries, which stands for “Locally”, 
“Adapted”, “Modified” and “Advance Transport” [1]. Travel modes that can be categorized as LAMAT can 
be intermediate transport, traditional mass transit, non-motorized vehicles (e.g. Rickshaw), and four-wheel 
vehicles (i.e. minibus, Songtaew, Silor Lek) that can accommodate up to 25 seats [1]. Apart from developing 
countries, informal transport or paratransit means completely different in the United States. Specifically, this 
term is referred to a door-to-door transport service for senior citizens and disabled passengers [6]. Since the 
characteristics of informal transport are different across the globe, it is advised to refer to each mode 
individually. For instance, we may point out Motodup or Remork for Cambodia, Songtaew or Silor Lek for 
Thailand, Rickshaw for Bangladesh, Angkot for Indonesia, and Jeepney for the Philippines. 
 
2.2. Past Studies of Informal Transport 
 
Informal transport plays an important role in urban transport system of several developing countries. Such a 
system has connected deeply with mobility of urban citizens, especially for those who do not have direct 
access to formal public transport. In some cases, services of informal transport are also regarded as an 
important source of income for urban poor communities, who mostly lack of skills [7]. From extant literature, 
various studies attempted to observe the characteristics and role of informal transport. They can be 
summarized in Table 1. 
 
Table 1. Past studies of  informal transport in Asian cities. 
 
Study Year 
Study 
Location 
Study Objectives Key Results 
Etherington and 
Simon [8] 
1996 Phnom Penh, 
Cambodia 
provided an analysis of a popular 
non-motorized informal 
transport, known as Cyclo and 
the employment conditions of 
the riders 
The study found the inequality in 
terms of earning opportunity among 
Cyclo rider who resides in Phnom 
Penh and migrants from provinces. 
Either renting or owning the vehicle, 
migrant riders tend to work longer 
hour with less income since they have 
to pay for organization in return of 
support to access in urban 
environment. 
Joewono and 
Kubota [9] & [6] 
2005 & 
2007 
Bandung, 
Indonesia 
investigated the characteristics 
of Angkot and the level 
satisfaction of passenger toward 
the service in Bandung 
Informal transport still exists in many 
cities of Indonesia and it is still 
accepted by community. The result 
indicates that users are not satisfied 
with current service. However, loyal 
passengers are still found. 
Loo [10] 2007 Hong Kong, 
China 
explored the role of residents’ 
coach in Hong Kong, while 
mass rapid system has been 
developed extensively across the 
city 
The analysis suggests that the 
integration between residents’ coach 
and public transport system should be 
implemented, since residents’ coach 
has filled the gap of transport system 
in urban area. 
Tangphaisankun et 
al. [2] 
2009 Bangkok, 
Thailand 
conducted a study focusing on 
the impact of commuters toward 
informal transport functioning 
as a feeder to mass transit system 
Commuters have positive influence on 
connection between informal 
transport and mass transit system that 
leads to the future use of both modes. 
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Study Year 
Study 
Location 
Study Objectives Key Results 
Choocharukul and 
Sriroongvikrai [11] 
2011 Bangkok, 
Thailand 
conducted an analysis of 
characteristics of small-sized 
converted pickup truck (Silor 
Lek) in Bangkok and compared 
such mode with other common 
informal modes such as 
Songtaew and motorcycle taxi 
From supply side, Silor Lek is one of 
the major informal transport in 
Bangkok, which has market 
competition with other informal 
modes. Some illegal operations, and 
risky driving behavior are observed. 
Study suggests to consider Silor Lek as 
a complimentary mode to formal 
transport.  
Hossain and  Susilo 
[12] 
2011 Dhaka,  
Bangladesh 
addressed the usage of rickshaw 
and its social impact, while this 
mode was blamed to be the 
cause of congestion and was 
prohibited on some major roads 
Rickshaw roles importantly in 
transport system of Dhaka. Absence 
of rickshaw would shift passengers’ 
mode choice to auto-rickshaw or 
taxicab rather than formal public 
transport such as bus. 
Tuan and  Mateo-
Babiano [13] 
2013 Ho Chi Minh, 
Vietnam 
investigated the service 
characteristics of motorcycle 
taxi in Ho Chi Minh city, 
explored its impact and analyzed 
its potential for future urban 
transport system 
The analysis foresees that motorcycle 
taxi will keep growing and plays an 
important role in supporting formal 
transport system. The study also 
suggests the application of meter 
technology in order to improve service 
of motorcycle taxi in terms of fare 
setting. 
Phun et al. [3] 2015 Phnom Penh, 
Cambodia 
investigated the operational and 
fare characteristics of Motodup 
and Remork in Phnom Penh 
Fare of Motodup and Remork was 
influenced by some factors including 
trip characteristics and driver working 
condition. 
 
The studies of informal transport are worth exploring since the insight characteristics can be better 
understood, leading to an appropriate and efficient integration between the conventional transport and the 
developed ones. From literature, understanding unique characteristics of informal transport in Asian 
developing countries is quite essential, since the differences among their operational characteristics serve a 
vital knowledge that informal transport can be realized in a wider scale and from different perspectives. 
Nevertheless, such a study in Cambodia is not yet sufficient at present, and thus more researches are required. 
To shed more light from past studies, another view from passengers’ side should also be considered. In 
particular, underlying factors that could potentially influence the frequency of using informal transport 
currently remain unknown. This study will take this aspect into account. 
 
3. Methodology 
 
3.1. Sample and Survey Questionnaires 
 
Respondents are randomly selected from passengers in Phnom Penh. A total sample size of 600 was collected 
from four main areas, covering Central Business District (CBD), educational, residential and suburb areas 
(See Fig. 2). The survey questionnaire consists of three main sections – passengers’ socioeconomic data, trip 
characteristics, and passengers’ perception on the operation of Motodup, Remork and public bus. The first 
section asks passengers’ socioeconomic information such as gender, age, education background, income, 
residential area, and vehicle occupancy. In the second part, travel behavior of passengers is solicited for all 
three modes. Such variables include trip frequency, travel time, trip objective, and travel cost. The last section 
consists of attitudinal statements regarding each travel mode. They were presented in a five-point Likert scale. 
The questionnaire was first written in English and later translated into Khmer language. Doubled translated 
technique was applied to ensure the accuracy between two languages.  
 
3.2. Data Collection 
 
Data collection was conducted in Phnom Penh during December 7-10, 2015 with the assistance of six 
surveyors. Based on a face-to-face interview survey, a total of 600 questionnaires were collected in four areas. 
Respondents were targeted to be general travelers who have experienced using either Motodup, Remork, or 
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public bus. The survey was conducted on both weekday and weekend to take into account different trip 
purposes. After cleaning the data, a total of 483 samples could be used for analysis. 
 
 
 
Fig. 2. Survey locations in Phnom Penh. 
 
4. Results 
 
4.1. Descriptive Statistics 
 
Table 2 presents summary statistics of respondents’ characteristics classifying by three travel modes, i.e. 
Motodup, Remork, and public bus. From the survey data, the distribution of male and female respondents is 
relatively equal for all three travel modes. The majority of respondents for Motodup, Remork and public bus 
are 19-25 years old, followed by those between 26-35 years old for Motodup, and less than or equal to 18 
years old for Remork and public bus. Such a proportion of respondents is consistent with the statistics 
reported by the Central Intelligence Agency [14], as well as the previous research conducted in Phnom Penh 
[15].  
In terms of occupation, students share the highest proportion (64.7%, 67.1%, and 75.7% for Motodup, 
Remork, and public bus, respectively). More than half of respondents reached university level, while 35.1%, 
34.6%, and 32.4% of them using Motodup, Remork and public bus obtained only high school level or lower. 
A high percentage of respondents can be observed under the low income group, which earns less than or 
equal to 200 USD per month.  
Survey indicates that 84.6%, 92.1% and 83.4% of respondents use Motodup, Remork and public bus 
occasionally respectively. Majority of passengers use all the three modes in the weekend with the share 
percentage of 66.4% for Motodup, 79.4% for Remork, and 66.4% for public bus. Approximately 49.4% of 
Motodup passengers uses it in the morning followed by 35.0% in the afternoon and 15.6% in the evening. 
Respondents using Remork in the morning hours shares the highest percentage (39.6%), while the remaining 
32.6% and 27.8% uses this mode in the afternoon and evening, respectively. On the other hand, the usage of 
public bus is highly distributed during the morning time (61.5%).  
Statistics shows that 20.1% of respondents use Motodup for education, 11.6% for work, 3.3% for 
business, 26.7% for shopping, and 38.3% for other purposes. With the same categories of trip purpose, 36.6% 
and 42.1% of Remork passengers use it for shopping other purposes, while using Remork for education, 
work and business share very small proportions. For public bus, 30.4%, 11.3%, 1.6%, 10.1% and 46.6% use 
it for education, work, business, shopping, and others, respectively.  
Table 3 presents respondents’ trip characteristics in terms of travel time, travel cost, and distance. The 
average travel time per trip for Motodup and Remork is somewhat different (19.08 minutes and 24.54 minutes 
respectively), while that of public bus is relatively high (44.31 minutes). Motodup is basically more expensive 
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than public bus but less costly than Remork. The average travel cost per trip for Motodup, Remork and 
public bus are reported to be 5800 KHR, 10700 KHR, and 1100 KHR (approximate 1.41 USD, 2.60 USD, 
and 0.26 USD) respectively. However, public bus actually provides a fixed fare of 1500 KHR (0.37 USD) for 
all stations with exemption for student, elderly, handicapped and monk. From our survey, 26.75% of public 
bus passengers are zero-fare passengers, while 73.25% use public bus at fare 1500 KHR. Results from survey 
indicate that average travel distances per trip for Motodup is 4.74 Km, followed by Remork (5.82 Km) and 
public bus (6.38 Km).  
 
Table 2. Descriptive statistics of  respondents’ characteristics. 
 
Variables Levels 
Percentage 
Motodup Remork Public bus 
Gender 
Male  50.6 44.9 49.8 
Female 49.4 55.1 50.2 
Age (years old) 
≤ 18 13.8 13.5 13.7 
19 – 25  61.7 71.3 76.4 
26 – 35  14.4 11.5 8.9 
36 – 50  6.6 3.3 0.5 
≥ 51 3.5 0.4 0.5 
Occupation 
Student 64.7 67.1 75.7 
Employee 20.1 18.5 14.5 
Employer 1.3 1.8 1.0 
Vendor 7.5 7.0 4.5 
Others 6.4 5.6 4.3 
Education 
Below university 35.1 34.6 32.4 
Undergraduate 60.9 62.1 63.9 
Graduate 4.0 3.3 3.7 
Income 
Low 81.4 77.8 85.2 
Medium 13.0 15.9 12.2 
High 5.6 6.3 2.6 
Frequency Occasionally 86.4 92.1 83.4 
2-3 times/week 6.2 4.3 5.5 
4-5 times/week 2.8 1.1 2.2 
Everyday 4.6 2.5 8.9 
Day of week Weekdays 33.6 20.6 33.6 
Weekends 66.4 79.4 66.4 
Time of day Mornings 49.4 39.6 61.5 
Afternoons 35.0 32.6 30.0 
Evenings 15.6 27.8 8.5 
Trip purpose Education 20.1 8.4 30.4 
Work 11.6 8.0 11.3 
Business 3.3 4.9 1.6 
Shopping 26.7 36.6 10.1 
Other 38.3 42.1 46.6 
Note: levels of income per month per person are classified: low ≤ 200 USD, Medium 201-500 USD, 
High ≥ 501 USD. 
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Table 3. Descriptive statistics of  respondents’ trip characteristics. 
 
Variables Description Mode (mi) Mean S.D. Min Max 
Travel time 
(Minute) 
Average travel time per trip 
Motodup 19.08 11.25 3 70 
Remork 24.54 13.52 5 80 
Public bus 44.31 37.44 5 150 
Cost (KHR) Average travel cost per trip 
Motodup 5800 3400 1500 20000 
Remork# 10700 5400 3000 30000 
Public bus* 1100 600 0 1500 
Distance (Km) Average travel distance per trip 
Motodup 4.74 3.68 1 25 
Remork 5.82 4.64 1 20 
Public bus 6.38 3.89 0.2 15 
Note: 1 USD = 4100 KHR (as of June 13, 2016). 
# Fare is per trip and there could be more than one person riding together in the same trip. * Fare of public bus is fixed at 1500 KHR. 
Free rides for students, elderlies, the handicapped and monks. 
 
Tables 4 summarizes the descriptive statistics of passengers’ perception toward operational 
characteristics. In this questionnaire section, respondents were asked to use five-point Likert scale to rate the 
operational characteristics of three travel modes – Motodup, Remork and public bus. From the survey, the 
means that passengers agree with the statement “short travel time” are 3.70, 3.09 and 2.58 for Motodup, 
Remork, and public bus, respectively. In terms of coverage area, availability, and accessibility, Motodup and 
Remork’s passengers agree that these two modes are available across the city, can be found anytime they need 
and can be found nearby. This corresponds with the rating mean of 3.99, 4.14, 4.19 for Motodup and 3.56, 
3.64, 3.63 for Remork, while the means of the same rating statements are 2.73, 2.70 and 2.51 for public bus, 
respectively. Similarly, passengers show positive perception in terms of waiting time for Motodup and 
Remork (rating means 3.92 and 3.62 respectively), but not for public bus (rating mean 2.65). 
In terms of comfort and vehicle condition, the results indicate that Motodup has below-average mean 
associated with comfort during traveling, vehicle cleanliness and the maintenance of vehicle material (2.63, 
2.74, 2.65 respectively). With the same statements, rating means are 3.26, 3.20, 3.08 for Remork and 3.93, 
3.85, 3.74 for public bus. Overall safety, on the other hand, is perceived positively from public bus’s 
passengers, follow by Remork’s and Motodup’s with the rating means of 3.94, 3.21, and 2.65 respectively. 
Lastly, survey results associated with fare show that Motodup and Remork’s passengers do not perceived that 
fare of these two modes low, but they do for public bus. This could be true since the average travel cost of 
Motodup, Remork and public bus are 5800 KHR, 10700 KHR and 1100 KHR respectively (See Table 3). 
 
Table 4. Passengers’ perception toward operational characteristics. 
 
Items Statement 
Percentage 
Motodup Remork Public bus 
Q1 “Short travel time” 3.70 (1.28) 3.09 (1.09) 2.58 (1.34) 
Q2 “Operation is available across the city.”  3.99 (1.25) 3.56 (1.18) 2.73 (1.36) 
Q3 “Can be found anytime you need”  4.14 (1.18) 3.64 (1.14) 2.70 (1.44) 
Q4 “Can be found nearby” 4.19 (1.12) 3.63 (1.18) 2.51 (1.37) 
Q5 “Short waiting time” 3.92 (1.27) 3.62 (1.17) 2.65 (1.44) 
Q6 “Seat is comfortable.” 2.63 (1.21) 3.26 (1.15) 3.93 (1.24) 
Q7 “Vehicle is clean” 2.74(1.15) 3.20 (1.07) 3.85 (1.14) 
Q8 “Interior material is well maintained.” 2.76 (1.10) 3.08 (1.06) 3.74 (1.05) 
Q9 “Overall safety is high.” 2.65 (1.27) 3.21 (1.11) 3.94 (1.28) 
Q10 “low fare” 2.89 (1.29) 2.71 (1.16) 3.93 (1.38) 
Note: Figures in parentheses represent standard deviation. Five-point-scales are (1) strongly disagree, (2) 
disagree, (3) neutral, (4) agree, (5) strongly agree. 
 
Respondents were also asked to choose and rank 3 out of 6 attributes that they consider important when 
they choose public transport modes. Out of 483 respondents, 336 choose convenience among which 43.75% 
ranks this attribute as the most important criteria when they decide to use public modes, while 31.55% and 
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24.70% ranks it as secondary and third importance respectively. On the other hand, a total of 313 respondents 
considers safety with distributed percentage of 66.45% for the most importance, 19.17% for secondary 
importance and 14.38% for third importance. Besides convenience and safety, travel time is the third most 
chosen attribute by passengers, followed by travel cost, availability and comfort. The detail of descriptive 
statistics of passengers’ criteria when choosing public transport modes is presented in Table 5. 
 
Table 5. Passengers’ criteria when choosing public transport modes. 
 
 Rank #1 Rank #2 Rank #3 Total 
% compared to 
total dataset (483) 
Convenience 
N 147 106 83 336 
69.56% 
(%) 43.75% 31.55% 24.70% 100.00% 
Travel Time 
N 63 115 83 261 
54.03% 
(%) 24.14% 44.06% 31.80% 100.00% 
Safety  
N 208 60 45 313 
64.80% 
(%) 66.45% 19.17% 14.38% 100.00% 
Comfort 
N 64 48 50 162 
33.54% 
(%) 39.51% 29.63% 30.86% 100.00% 
Travel Cost 
N 60 95 101 256 
53.00% 
(%) 23.44% 37.11% 39.45% 100.00% 
Availability 
N 69 91 79 239 
49.48% 
(%) 28.87% 38.08% 33.05% 100.00% 
 
4.2. Model Development 
 
4.2.1. Model specification 
 
In transportation studies, discrete choice model is often utilized to examine the relationship among 
passengers’ travel behavior, attributes of alternative and characteristics of individual passenger [16]. Data of 
discrete choice model could be presented in form of psychometric data, i.e. Stated Preference (SP) and 
subjective rating data, or Revealed Preference (RP) data [17]. In this study, revealed preference data of the 
frequency using Motodup, Remork and public bus has its nature outcome as ordinal category (1: Occasionally, 
2: two-three days/week, 3: four-five days/week, 4: everyday). Under this case, ordered probit model is seen 
to be appropriate for the analysis, because multinomial logit fails to take the ordering of dependent variables 
into account, while regression model treats the difference between categories the same [18].  
Dependent variable cannot be observed directly, and that is why latent variable is needed. The latent 
variable can be written as: 
 
 
*
i i iy x    (1) 
 
where, 
*
iy  : latent variable of frequency of using a mode by an individual i, coded as 1, 2, 3, 4 
ix  : the vector of independent variables of an individual i, 
  : the vector of parameters to be estimated, and  
i  : the error term, which is assumed to be normal distributed. 
The values of 𝑦𝑖 fall between categories j (j=1, 2, 3, 4), and they are related with the linear function of 𝑦𝑖
∗ 
such that 𝜇𝑗−1 < 𝑦𝑖
∗ ≤ 𝜇𝑗 , where 𝜇𝑗 is known as threshold parameters or cutoff points. The relationship 
between 𝑦𝑖 , 𝑦𝑖
∗ and threshold points is shown in Eq. (2). 
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*
1
*
1 2
*
2 3
*
3
1 if (Use a mode occasionally)
2 if (Use a mode 2-3 days/week)
3 if (Use a mode 4-5 days/week)
4 if (Use a mode everyday)
i
i
i
i
i
y
y
y
y
y

 
 

  
 

 
  







  (2) 
 
Like models in binary outcomes, concerns are stressed on how changes in the predictors translated into 
probabilities of observing a specific ordering outcome [19]. The probability that passengers use a mode in a 
particular outcome category is a standard normal cumulative function determined by threshold point 
1j   
and
j . By knowing the function of latent variable
*
iy , the probability that individual i uses a mode in any 
specific frequency category j can be computed as follow: 
 
 
*
1 1( ) ( ) ( ) ( )i i j i j j i j iP y j P y F x F x               (3) 
 
According to a sample ( , , 1,..., )i iy x i n , the log-likelihood, which is a sum of each log probability can 
be written as in Eq. (4).  
 
 1
log[ ( )], {1,2,3,4}
n
i i
i
LogL P y j j

    (4) 
 
Marginal Effects 
 
Marginal effect expresses the change of dependent variable when independent variable changes. 
Regarding to the application of ordered probit model in this study, the marginal effect can be interpreted as 
the probability that passengers are more or less likely to use a mode in ordinal categories. It has been known 
that probit model is assumed to be normal distributed, and thus 
 
 
2
2
1
Pr( )
2
x x
y j e dx



     (5) 
 
The marginal effects of continuous variable kx  is given by: 
 
 
Pr( )
( ) , {1,2,3,4}k
k
y j
F x j
x
 
 
 

 (6) 
 
Where, 
( )F x  is the standard normal density function determined by x , so
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Measure of Fit 
 
Likelihood ratio index is used to measure the goodness-of-fit of the model based on the value of log-
likelihood [20]. The index is represented by
2 , and defined as: 
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where, 
initiallog ( )L   is the log-likelihood at zero iteration where model has only constant term (i.e., vector of 
coefficients is set to zero); 
convergencelog ( )L   is the log-likelihood value at convergence. 
The value of 
2  ranges between zero and one. The 2 is equal to zero when all coefficients in the model 
are equal to zero, but will be close to one when the goodness-of-fit is improved. The value of 
2  can be 
described as the percentage that the model can explain more compared to the null model. There is also 
another similar measurement of goodness-of-fit that corrects for all number of estimated parameters. In this 
measurement, degree of freedom or number of parameters in model K also take into account [21]. Also see 
[22] for more discussion on goodness-of-fit. The equation can be written as: 
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4.2.2. Model estimation results 
 
Table 6 presents model estimation results. Four sets of explanatory variables, including socio-economic 
variables, trip characteristics, passenger’s perception toward operational characteristics, and passenger’s 
criteria in choosing public transport, are tested in modeling process. It can be observed that they all have an 
impact on models of Motodup and Remork. Nevertheless, a set of passengers’ perceptions toward 
operational characteristics does not found to be significant in public bus’s model. Many of explanatory 
variables are statistically significant at either 95% or 90% confidence level. The goodness-of-fit of the models 
in terms of 
2 are 0.1150, 0.4224 and 0.4016 for Motodup, Remork, and public bus, respectively. Since the 
dependent variable has four ordinal category outcomes, there are three threshold points. The threshold points 
of each model are statistically significant at 95% confidence level. This could be implied that the four 
categorical outcomes should not be combined into one. 
Modeling results for Motodup reveal that two dummy variables of student and employee, and travel cost 
carry negative coefficients. This simply means that passengers who are students or employee are less likely to 
use Motodup frequently. Likewise, the increase in travel cost results in decreasing the likelihood of using 
Motodup. On the other hand, five explanatory variables have positive impacts on the frequency of usage. 
The dependent variable for Remork is determined by eleven explanatory variables. It can be seen that 
students have positive impact on Remork’s model, but this dummy variable has negative coefficient in 
Motodup’s model. This could be implied that students prefer Remork than Motodup. 
Educational level and travel cost are the two factors that have negative impact on the frequency of using 
public bus once their values increase. Travel distance is found to have positive coefficient, implying that the 
longer the travel distance, the more frequent public bus would be used. This could be the case because the 
public bus provides passengers with low fare compared to Motodup and Remork. Fare of public bus is set 
to be 1500 KHR (0.37 USD) for all stations, while the average travel cost of Motodup and Remork is reported 
to be 5800 KHR (1.42 USD) and 10,700 KHR (2.62 USD), respectively [23]. Since the fare does not linearly 
increase with the travel distance, it is not surprising that passengers would prefer public bus due to the large 
difference in travel cost.  
 
4.2.3. Marginal effects and predicted probabilities 
 
Unlike the linear regression where marginal effects can be interpreted directly from coefficients of regressors, 
marginal effects in ordered probit models are measured as the probabilities associated with the likelihood of 
using Motodup/Remork/public bus in each frequency category. Table 7 presents the marginal effects of 
frequency using the three public transport modes. 
From the results, absolute values of marginal effects decrease from the least frequent category to the 
most frequent category for all the three modes. It can be implied that passengers mainly use 
Motodup/Remork/public bus occasionally only. This could be justified since most travelers have already 
owned their private vehicle, mainly a motorcycle. Another reason may be a matter of travel cost. Travel cost 
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of Motodup and Remork is considered expensive compared to public bus fare [23] that travelers cannot 
afford them for commuting on a daily basis. However, the public bus service quality is still limited, leading to 
a long travel time [4]. Due to this reason, public bus would not be the chosen choice by commuters for their 
daily trip. 
 
Table 6. Model estimation results. 
 
Variable Coef. Std. Err. t-stat. p-value Model’s Statistics 
Motodup 
Student  -1.0582** 0.2630 -4.02 0.000 N = 274 
Employee  -0.7402** 0.3070 -2.41 0.016 LR χ2 [7] = 34.22 
Medium income  0.4672 0.2871 1.63 0.104 p > χ2 = 0.000 
Cost (100 KHR) -0.0055* 0.0030 -1.79 0.074 Pseudo R2 = 0.1150 
Q6  0.1556* 0.0828 1.88 0.060 Log Likelihood = -131.63 
Convenience   0.1994* 0.0751 2.01 0.045    
Comfort   0.1537* 0.0993 1.71 0.087    
-Cut 1  0.9164** 0.3883 2.36     
-Cut 2  1.2114** 0.3922 3.08     
-Cut 3  1.5365** 0.3992 3.84     
Remork 
Female -1.0555** 0.4099 -2.57 0.010 N = 232 
Student   1.2773** 0.5815 2.20 0.028 LR χ2 [11] = 67.72 
Education level -0.2942** 0.1252 -2.35 0.019 p > χ2 = 0.000 
Weekday   1.3043** 0.3978 3.28 0.001 Pseudo R2 = 0.4224 
Morning  1.0766** 0.4018 2.68 0.007 Log Likelihood = -46.30 
Evening  0.9632** 0.3945 2.44 0.015    
For business  2.0633** 0.6184 3.34 0.001    
Q2  0.2678* 0.1608 1.67 0.096    
Q3  0.5711** 0.2300 2.48 0.013    
Comfort   0.2400 0.1634 1.47 0.142    
Availability   0.2923* 0.1585 1.84 0.065    
-Cut 1  6.7377** 1.7116 3.93     
-Cut 2  7.5121** 1.7436 4.30     
-Cut 3  7.7661** 1.7517 4.43     
Public bus 
High school  0.8881* 0.4584 1.94 0.053 N = 95 
Education level -0.4058 0.2473 -1.64 0.101 LR χ2 [7] = 54.88 
Weekday  2.8346** 0.7498 3.78 0.000 p > χ2 = 0.000 
Cost (100 KHR) -0.1218** 0.0320 -3.80 0.000 Pseudo R2 = 0.4016 
Distance   0.1116** 0.0546 2.04 0.041 Log Likelihood = -40.88 
Comfort   0.6185** 0.2625 2.36 0.018    
Availability   0.4620** 0.2099 2.20 0.028    
-Cut 1  2.3312** 1.0771 2.16     
-Cut 2  2.6275** 1.0838 2.42     
-Cut 3  2.9153** 1.0961 2.65     
Note: *p < 0.1, **p < 0.05. Variables Q2, Q3, and Q6 refer to perception toward operational characteristics 
described in Table 4. Socioeconomic variables are modeled as dummy variables.  
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Table 7. Marginal effects of  frequency using public transport modes. 
 
Variables 
Frequency 
Occasionally 2-3 days/week 4-5 days/week Everyday 
Motodup 
Student  0.2433** -0.0672** -0.0636** -0.1125** 
Employee  0.0988** -0.0367** -0.0283** -0.0338** 
Medium income -0.1043 0.0312 0.0283 0.0448 
Cost (100 KHR) 0.00099* -0.00033 -0.00028 -0.00038* 
Q6 -0.0281* 0.0095* 0.0079* 0.0107* 
Convenience  -0.0361** 0.0122* 0.0102* 0.0137* 
Comfort  -0.0278* 0.0094 0.0078 0.0106 
Remork 
Female 0.0121 -0.0109 -0.0007 -0.0005 
Student -0.0075 0.0069 0.0004 0.0002 
Educational level 0.0027 -0.0025 -0.0001 -0.0001 
Weekday -0.0432 0.0367 0.0034 0.0031 
Morning -0.0160 0.0143 0.0010 0.0007 
Evening -0.0167 0.0148 0.0011 0.0008 
Business purpose -0.2207 0.1587 0.0254 0.0366 
Q2 -0.0025 0.0023 0.0001 0.0001 
Q3 -0.0054 0.0050 0.0002 0.0002 
Comfort  -0.0023 0.0021 0.0001 0.0001 
Availability  -0.0027 0.0025 0.0001 0.0001 
Public bus 
Educational level 0.0302 -0.0134 -0.0081 -0.0087 
High school -0.0905 0.0362 0.0237 0.0306 
weekday -0.3123** 0.0960** 0.0745* 0.1418** 
Cost (100 KHR) 0.0090 -0.0040 -0.0024 -0.0026 
Distance -0.0082 0.0036 0.0022 0.0024 
Comfort  -0.0461 0.0205 0.0123 0.0133 
Availability  -0.0344 0.0153 0.0092 0.0099 
Note: *p < 0.1, **p < 0.05. 
 
Table 8 compares the mean of predicted probabilities and the actual distribution of frequency using 
Motodup, Remork, and public bus. The results show that the mean values of predicated probabilities are 
relatively close to the actual data. This reflects the good performance of the model in predicting the frequency 
of using Motodup, Remork, and public bus. 
 
Table 8. Comparison between predicted probabilities and actual data. 
 
Frequency 
Motodup Remork Public bus 
Mean of 
predicted 
probabilities 
Actual data 
Mean of 
predicted 
probabilities 
Actual data 
Mean of 
predicted 
probabilities 
Actual data 
Occasionally 86.57 86.38 92.37 92.11 76.94 83.47 
2-3 days/week 4.68 6.17 4.22 4.30 4.10 5.51 
4-5 days/week 3.58 2.83 0.81 1.08 3.56 2.12 
Everyday 5.15 4.63 2.58 2.51 15.38 8.90 
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5. Discussion and Conclusion 
 
The present study investigates factors influencing the frequency using informal transport (i.e. Motodup and 
Remork) and public bus in Phnom Penh. Statistical models are developed based on four sets of explanatory 
variables. Results indicate that these four sets of variables have certain impacts on frequency of using 
Motodup and Remork. However, passengers’ perception toward operational characteristics of public bus 
does not have the effect on model itself.  
Motodup and Remork have been regarded as the conventional modes in urban area of Phnom Penh for 
decades. Findings from this study demonstrate significant factors affecting the frequency of using them. 
These factors could be used to improve their service quality, although currently there is no official authority 
in control of the operation. From the modeling results, travel cost has an effect in reducing frequency of 
using Motodup; therefore, the fare should start with one reasonable minimum price, and the entire travel cost 
should base on travel distance. This could make charging system become more regulated.  
Public bus, on the other hand, is currently a highly promoted travel mode. To increase the passengers’ 
frequency in using public bus, certain important factors should be considered. What could be done should 
be the improvement of service attributes (i.e. comfort and availability) and the extension of service routes 
given that the fare should not linearly increase with service length. The newly introduced public bus’s service 
seems to be new for local commuters, and the subsidy from the government plays an essential role to support 
the operation. Findings also indicate that students in high school would use public bus more frequently than 
other types of passengers. The usage in weekday is strongly associated with this pattern. Thus, policy makers 
and transit operators could directly target young adults. In addition, the operation during weekday may need 
to be increased. 
Although Phnom Penh is suffering from traffic congestion, and informal transport and public bus are 
the only public transport available in the city, they are not used on a daily basis. Local people are quite familiar 
with Motodup and Remork, but travel cost is typically higher than the ability to pay for daily commute. On 
the contrary, public bus provide a reasonable fare but the current service quality may not be up to passenger’s 
expectation.  
Although the present study provides some insights into the factors that influence the frequency of using 
informal transport and public bus, findings are still far from definite. Future studies may consider additional 
explanatory variables in the models (i.e. passengers’ experience in using each mode, passengers’ accessibility) 
so that models can describe passengers’ travel behavior in wider details. Additionally, the application of 
technology should also assist transport planners to regulate the operation of both informal transport and 
public bus (i.e. fare charge, seeking for nearby public transport). In principle, informal transport and public 
bus should be harmonized in order to make a better connection in transport network, and this would create 
a sustainable urban transport for the city.  
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